scale for sustainable vegetation restoration policy making. Up to date, however, little 23 particular research of deep SMC variation has centered on such a moderate scale, 24 and the variation mechanism of deep SMC at this kind of scale is still unclear. 25 In this study, we aimed to reveal the spatial variation of deep SMC and its 26 influencing factors at a moderate watershed scale. According to previous studies, 27 factors that control deep SMC variations are different under three land management Table 1 14 Longitude, latitude and altitude were collected for each experimental site using 15 Garmin GPS (version eTrex 30 were also collected at each sampling site. Soil particle size distributions were 1 measured using a laser scattering particle size distribution analyzer (BT-9300H,   2 Dandong, China). 
Statistical methods

15
In this study, the depth-averaged soil moisture content (SMC d ) of each sampling 16 point was calculated using Eq. (1):
where k is the number of measurement layers at site j, and SMC i is the mean soil 18 moisture content in layer i calculated by using three random sampling profiles.
19
The depth-averaged soil moisture content for each vegetation type (SMC s ) was 20 calculated using Eq. (2):
where m is the number of sampling points for each vegetation type (Table 1), and   22 SMC ij is the depth-averaged soil moisture content in layer i at site j. mean soil moisture content, SD, and CV are given in Table 2 and Fig. 3 . The highest 23 mean value (10.65%) was observed at the 20-40 cm depth, the lowest (8.15%) was at 24 the 120-140 cm depth, and the mean soil moisture below 300 cm was almost 25 constant. However, both SD and CV showed waving trends with increasing depth 26 (Fig. 3) . The profile distributions of SD and CV were consistent. The highest values 27 of both occurred at 0-20 cm, 100-120 cm, and 480-500 cm ( (11.07-11.77%) had the highest SMC, followed by native grasses (10.47-11.19%).
8
The LSD-test indicated that soil moisture content in native grasses and farmland was 9 significantly higher than that in introduced vegetation (P<0.05, was heavily consumed, while the soil moisture in layer III was less consumed.
14 Furthermore, despite the deep root system of the apple orchard, soil desiccation did 15 not occur across the soil profile from 0-500 cm; even in the 320-450 cm layer, the 16 soil moisture in the apple orchard was higher than in native grasses. analysis results are presented in Table 4 , Table 5 , and For instance, the SMC of BL showed significant negative correlations with plant 7 height (at 60-220 cm depth) and diameter at breast height (at 400-500 cm depth), Table 4 . Spearman correlation coefficients between soil moisture (grassland, 21 farmland and pasture grassland) and selected environmental variables. I  II  III  IV  I  II  III  IV  I  II  III between the shallow and deeper layers (Fig. 7) . However, the existence of deep 17 rooted vegetation and human agricultural management measures altered the vertical 18 SMC distribution rules, resulting in more complex spatial variation (Fig. 3) . The the SMC and its spatial variation were higher than that in native grassland, indicating 12 that human agricultural measures can greatly increase SMC and its spatial variation.
Principal component analysis (PCA)
13
For introduced vegetation, the SMC was significantly lower than that in native 14 grassland, indicating that soil desiccation occurred for all introduced vegetation. types (Table 4, Table 5 , and Table 6 ). 
Implications for land use management and vegetation recovery.
17
A balance between soil water availability and water utilization by plants is key 18 to maintaining ecosystem health, particularly in the arid and semi-arid Loess Plateau.
19
The implementation of the "Grain to Green Program" has effectively controlled soil bottom or lower slope) usually had higher deep SMC (Table 4 and Table 5 ), while 10 the deep SMC of native grasslands at steeper slopes was higher than that at gentle 11 slopes (Table 4) . Thus, shrubs or trees with high water consumption capacity can be 12 arranged at these locations. At higher altitudes or upper slopes, where deep SMC is 13 lower, native grass and low moisture consuming shrubs can be arranged.
14
The results of this study also indicate that human agricultural management 15 measures can effectively improve deep SMC conditions. The SMC of farmland was 16 highest among the selected vegetation types (Fig. 4) be an effective measure for helping reduce soil desiccation. 
